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BACKGROUND OF THE INVENTION

[06002] Low sulfur motor gasoline (low sulfur "mogas") requires the
production of low sulfur blend stocks for the mogas pool. A primary blend stock
is derived from catalytically cracked (e.g., FCC) naphthas which, in addition to
unwanted organic sulfur compounds, contain olefins desirable for meeting
octane number rating requirements. Sulfur must be removed to meet
environmental requirements. It is frequently beneficial to distingunish two

) different types of naphtha hydrodesulfurization procésses, selective and non-
selective. In selective naphtha hydrodesulfurization, it is desired to remove as
much sulfur as possible, while preserving olefins. In hydrotreating or non-
selective hydrodesulfurization, heteroatom removal is the primary goal, with
olefin preservation being a secondary concern. In non-selective
hydrodesulfurization, sulfur removal is increased by increasing the process
severity and/or changing or increasing the amount of catalyst. However,
increasing the severity of the reaction conditions for sulfur removal in a selective
naphtha hydrodesulfurization process results in a loss in octane rating, due to
olefin saturation by hydrogenation.
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reacted with a hydrogen- containing treat gas over a sulfided

hydr odeswitfasriozias i on cat al yst, which forns H2S and a sul PEGFUBEHZE

napht ha. Such catal ysts are known and typically contain at |east one .
catal ytic conponent of a netal of Goup VI or a non-noble netal of G oup
VIIl, and nore often a catal ytic conponent of both a Goup VI netal and a
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meant CO plus one I'f the amount of any present (e.
gas-hydrogen blends, pipeline hydrogen, steam cracker by-product gas,

C

hydrogen recovered from refinery fuel gas streams and the like. Some such

steams can contain from 100-2,000 or more vppm COy. Because the process

variables noted above are adjusted to achieve the desired level of sulfur removal

in non-selective naphtha hydrodesulfurization, the presence of COx levels on the

order of 100-200 vppm in the treat gas has typically been ignored and, as a

consequence, this has also not been considered important in selective
hydrodesulfurization. )

SUMMARY OF THE INVENTION

[0004] In an embodiment, the invention relates to catalytically
hydrodesulfurizing a sulfur-containing naphtha with a hydrogen treat gas, in a
hydrodesulfurization reaction zone in which less than 100 vppm, preferably less
than 30 vppm, more preferably less than 15 vppm and still more preferably less
than 5 vppm COx is present, based on the total amount of gas and vapor in the
zone. By COx is meant CO plus one half the amount of any CO; present (e.g.,
vppm COyx = vppm CO + % vppm CO,).. By total gas and vapor is meant that
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hydr odesul furi zation. By hydrogen treat gas is neant a gas conpri sing

hydr ogen for the hydrodesul furization reaction. It has been found that
reducing the COx in the hydrodesul fiuization reaction zone bel ow 100 vppm
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saturation hydr ogenation. Thu e selectivity fo r renoval is
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hydrogen.”  Therefore; 1 n oné enbodi men or ‘onPy that portion

obt ai nedeh¢tidh BorfditbAS ThE Mrdinfionds g@ﬁcdlm}swséfﬁhﬁﬁ sRlRtively a source that
contains less or no COx, so that the ampunt of COx in the treat gas

ent er i ndiytdredesmdfiirizong an okefirsandsulfrsenpitaining naphtha, tecansd whas beam 100 vpm
preferably | ess than 30 vpp re preferably Iless than 15 vppm and still
more pr dPERdAR3 sugég r@maﬂalaggara&ﬁﬁ oephifia 1piparegted without significant

olefin loss due to saturation by hydrogenation. Thus, the selectivity for sulfur

removal is increased without losing olefins desirable for meeting octane
requirements. With respect to non-selective and selective naphtha
desulfurization, those skilied in the art know that the two processes are not
equivalent, in that the naphtha feed, catalysts and reaction conditions are
typically different.

) [0005] The COx primarily comes from the hydrogen treat gas, all or a portion
of which may be derived from a COx-containing source of hydrogen. Therefore,
in one embodiment the treat gas, or only that portion obtained from a source
containing COy, is switched over to a source that contains less or no COx, so
that the amount of COy in the treat gas entering the reaction zone is low enough
to insure that less than 100 vpm, preferably less than 30 vppm, more preferably
less than 15 vppm and still more preferably less than 5 vppm COx is present
during hydrodesuifurization. In another embodiment of the invention, which is
more typical and is preferred, the COyx content of all or a portion of the treat gas
is reduced before the gas is passed into the hydrodesulfurization reaction zone,

to provide a COy level in the zone of less than 100 vppm on the combined gas



during hydrodesul furization. In another enbodi nent of the i nvqrbtm[ﬂpmgmi ch
Is nore typical and is preferred, the COx content of all or a portion of

t he treatwg@asioztss reduced before the gas is passed into tHRET/US03/14703

hydr odesul furi zati on reaction zone, #0 provide a COx level in the zone of
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the treat gas is reduced before it is p ed into e reaction zone. [0006]
The COx Ry VAPSiobasds- c Y pithed & Qﬂlm?@tﬁ%mﬁﬁﬁﬁﬂwftz&ei?ﬁ@tgé&&ion. zone

with the h fead. | $8Q or..entrained gas. In such cases, the COx
© may beco%ég’gf%%tlﬂlstaﬁﬂggﬁg ."rﬁ%‘ﬁ%ﬁ%‘@ﬁm equi pnent such as feed surge
druns, where COx-containing gas nay be used to blanket the liquid feed. In
anot her enbodi nent, COx-contai ni ng gasses, which conme into contact with the
l'i quid thnmégpstTl@a@Oa{mh alfwbetagiedihts the iyerbdebadfurizatibx eshotionh t he feed,
are replaced wth non-COX-containing gasses. [0007] The naphtha

hydr odeszonaiwithathe mappthactesd asdissiebvedroresntragme gasprllnm' h casess theng Ox

sul fur-cont agi ni ng naphtha wjth ydrogen treat gas, in the esence of a
hydrodesmabfﬁ?qc?&}q B ¢ naphthia 1pyPsBEEE AGUDMERS SUch asdaed FEREsone | n
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a sul fur- containing naphtha and a hydrogen treat gas into a reaction zone,

i n whi chlitpind febyg dipsyeamafche ppittas widels treangdshie npixed evide tinf fead, are

hydr odesul furizatjon catalyst, to renove sulfur fromthe naphtha and forma
sul f ur - replaced WithmonCOnHOmdaining gasses. a portion of the treat gas contains

COx and wherein, before the treat gas is passed into the reaction zone, the
COx content is reduced to a level to insure that |ess than 100 vppmis

Raphtna (T00EF°, (R A B9 frodSaRin Aicn Broc AN iR inVeidiFodthpif ™t 02 and

reacting a sulfur-containing naphtha with a hydrogen treat gas, in the presence of
a hydrodesulfurization catalyst, in a hydrodesulfurization reaction zone in which

the amount of COx present, on a combined gas and naphtha vapor basis, is
maintained at less than 100 vppm. In one embodiment the invention relates to a
naphtha hydrodesulfurization process, which comprises passing a sulfur-
containing naphtha and a hydrogen treat gas into a reaction zone, in which the
hydrogen and naphtha react in the presence of a hydrodesulfurization catalyst, to
remove sulfur from the naphtha and form a sulfur-reduced naphtha, wherein all e
or a portion of the treat gas contains COy and wherein, before the treat gas is
passed into the reaction zone, the COx content is reduced to a level to insure that
less than 100 vppm is present in the reaction zone, based on the combined
volume of treat gas and naphtha vapor in the zone. In another embodiment the
process selectively removes sulfur from an olefin and sulfur-containing naphtha.
In yet another embodiment of a selective naphtha hydrodesulfurization process,
naphtha product octane number is adjusted in a target range substantially the
same as or only slightly less than the feed octane number (e.g. within about five
and preferably two road octane numbers of the feed's road octane number), by

regulating CO, content of the treat gas in a range of from about 0 to about 100
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cont ai ns X in an amount such that at |east 100 vppmis present in the

r eact i onhyadingen mtedgasireact inrthe pfesenenof gaaspktha hydpdddsalfusiagivon i n t he zone,
and wherein the increase is achi ev,ed&od reduci ng the anount, of COx in the
X

gas to eatdlyst, wheseinithe treabgas eontaing Bbag pmoppbsuch thahat lgast 1G0eact i on
zone. [0008] .l n_a preferred enbodi nent .. the .naphtha contaiRs h ol efins
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sul fur bajgeg in BRPURC afld WHGRARB AGAREY ERRIGA by reliliSing Shefhbithi ¥ f or

sul fur re vét]fl 'S ||’lcrgaslll(;é§1.3 I'n tlhege anél rel gétle rgng‘%ﬁgrrenﬁ],bﬁg{ naphtha is
cat al yt i sfaCOy, inhlyelpasinsuldvel sdcttithan lszs ehar 160vppmdaptésent aothes, and the
hydrodesul f nization is preferably conducted in the vapor phase,. although
m xed vapeetigmzeme.| i qui d- phase reactions can al so be enpl oyed. Therefore,
whil e the naphtha feed being passed into the reaction zone may be vapor,

m xed |iquid and vapor or all liquid, the COx limt is determ ned or

cal cul atgfogn * i s aStchrel erh BN he Haphéid Bontiids bORILIRARDERE vaPOr

present ‘durl esulfurization.
sulfur and, in addition to increasing either or both the amount of sulfur being

removed or the naphtha feed capacity, the selectivity for sulfur removal is
increased. In these and related embodiments, a naphtha is catalytically
hydrodesulfurized in one or more reaction zones, and the hydrodesulfurization is
preferably conducted in the vapor phase, although mixed vapor-phase liquid-
phase reactions can also be employed. Therefore, while the naphtha feed being
passed into the reaction zone may be vapor, mixed liquid and vapor or all liquid,

}  the COx limit is determined or calculated on the basis Qf the amount of treat gas
and haphtha vapor present during the hydrodesulfurization.

[0009] Reducing the amount of COx in the desulfurizing reaction zone is
‘achieved by one or more of (i) removing COx from fresh treat gas used as make-
up, (ii) removing COx from recycle treat gas, (iii) purging a portion of the
recycle treat gas, and (iv) eliminating or reducing COx from gasses blanketing or
contacting the feed naphtha prior to the point at which treat gas is mixed with the
naphtha. If purging is employed, it is preferred that it be combined with
removing COy from the fresh or make-up hydrogen. In the case of a once-
through hydrogen treat gas process with no recycle, the COx in the once-through



[ 0009] Reducing the anmount of COx in the desul furizing reaction _zan
achi eved by one or nore of (i) renoving COx fromfresh treat ga 48 NOod 2’3 bas
make- up,woOimjonenovi ng COx fromrecycle treat gas, (iii) RIWg§soAg+w3porti on
of the recycle treat gas, and (iv) eléi mnating or reducing COx from gasses
bl anketing or contacting the feed naphtha prior to the point at which treat
gas is mixed with the naphtha. If purging is enployed, it is preferred that
it be combined with renmpving COX fromthe fresh or make up hydrogen. In the
case of g#sdpzeducedhelofie thy ges pessesintethg zeaqtionczans. vis s mentienadc| e, the COx
In the once-throu NOV 2006 /102114 P 3/14703 6 gas is
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any sui tspetdicaigfer C@ydramomls@@ﬁednomldemahievbélbgvany@ltaanemger t he
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art hydrOdesmbival.i zation process with no COx renoval. [0012] Figure 3 is a

sinpl e block flow diagram of a hydrodesulfi rizing process of the
invention, with COX renpval fromthe hydrogen treat gas. [0013] Figure 4

shows a d 0 ' ich the COin the treat gas is
convertﬁ&ﬁcﬁ—g ygh J

[0010] Figure 1 is a simple block flow diagram of a hydrodesulfurization
process of the invention in which COy is removed from make-up hydrogen.

[0011] Figure 2 is a simple block flow diagram of a prior art
| hydrodesulfurization process with no COx removal.

[0012]  Figure 3 is a simple block flow diagram of a hydrodesulfurizing
process of the invention, with COx removal from the hydrogen treat gas.

[0013]  Figure 4 shows a hydrodesulfurization process, in which the CO in the
treat gas is converted to CO,, followed by CO; removal.

[0014] Figure 5 is a graph showing the effect of a low amount of CO in
suppressing activity for naphtha hydrodesulfurization and olefin saturation.

[0015] Figure 6 graphically illustrates the effect of higher CO concentrations
on hydrodesulfurization and olefin saturation activity.



[0014] Figure 5 is a graph showing the effect of a | ow amunt i gn
suppressing activity for naphtha hydrodesul furization and ol &1 n saturation.
[ 0015] Fivgniogi0digr aphically illustrates the effect of hi gheF/UBE/14703
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the effect of CO concentration on hydrodesul furizing activity. DETAILED
DESCRI PT1 ON_ [ 00171 The COx reductjion greatly increases naphtha

hydr ode M0 i Z3gnesn/ 198 graph showingrthe § e&¢fa¢i)gﬁqv@e@va%u oBn ol ef i n
saturatjo .dThi -her%fﬁﬁt(,ﬁxrmkes the catalyst highly selective for renoving
sul fur ¥ ﬁﬂﬂ‘ﬁ#ﬂgg ontain both sulfur and olefins. The invention is
useful in processes that use (i) COx- containing fresh hydrogen treat gas
used for nake-up hydrogen, (ii) a COx- containing naphtha feed and (iii)
bot h (i DETWILED DES@RII[’%G)Ngen treat gas is neant to include nmake-up
hydr ogen and once-throug ydrogen, and excludes recycled hydrogen. The
napht ha feed contains organic sul fur conpounds which react with the
hydrogep..in.the treat S, ..in the presence of th atalyst, to produce a
sul fur- F@ﬁ&edeﬁ?fpﬁ&h‘%%&ﬁ‘ao%%@%ﬂe&ﬁ?ﬁw H&'@dﬁﬂﬁgﬂa@@n hydrogen. In
a prefe ' {: IS S _ f rom fure-_  neduced
napht haéér@rip’gg@ﬁf%%"éw 3%1% F]lg efigégcg °Ps°l§§‘?§5 g%ﬂ:}nn %s}tﬁfre?@egrﬂé,k qsé‘gésj t han
about Z%aﬁﬁghsi%ﬁffleleéﬁ% Fehfoding 1Ry ﬁ‘oﬁﬁih}ﬂ‘nﬁ@%ﬁf SoRthincodiy dr ogen-

containing’g éf ore the hydrogen-containing treat gas is recycled back
i nt o t hsulfutemd dlefing.aThennverdidiois. usefuliis pkovessest that usenie@Qdesul fi ri zi ng
distillate fuel _ fractions, such as diesel fractions, and heavier fractions,

COx Jt enerntawung fesh oy : Bas ysed far makerpp Aydegemy £ 1a 6€hpr i si ng one or
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cat al yt in2a g iRk tha%e 4P HyAfogen and once-through hydrogen, and excludes

recycled hydrogen. The naphtha feed contains organic suifur compounds which

react with the hydrogen in the treat gas, in the presence of the catalyst, to

produce a sulfur-reduced naphtha, and a gas containing H,S and unreacted

hydrogen. In a preferred embodiment, this gas is separated from the sulfur-

reduced naphtha. Unless the naphtha feed is very low in sulfur (e.g., less than

about 200-300 wppm), the H,S is typicaily separated from the hydrogen-

containing gas before the hydrogen-containing treat gas is recycled back into the

) desulfurization reactor. It is known that, when desulfurizing distillate fuel

fractions, such as diesel fractions, and heavier fractions, COx tends to inhibit

hydrodesulfurization over catalysts comprising one or more supported metal

catalytic components of metals of Group VIB and Group VIII, such as cobalt

and molybdenum. The general effect is that the catalytic hydrodesulfurization

reaction activity is suppressed in the presence of COy until the COyis removed.

Removing the COx results in a restoration of the desulfurization activity.

[0018] It is also known, for example, that when desulfurizing distillate
fractions under conventional, non-selective hydrodesulfurization conditions,

from 0.2 to 5 mole % COx (2,000 to 50,000 vppm) can reduce desulfurization



reaction activity is suppressed in the presence of COx unti l tg%fw gf
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pr oducedeat g4¥%nl the sange sPahoutdsyppmdo iabont 1B pemswithbit the fi@ed ppm pr oduced a

50% activity | oss. Therefore, the COx nust be regulated at extrenely | ow
| evel s substantially change catalyst type, amount, or process severity.

[0019]  The benefit of regulating the level of COy is even greater in selective
hydrodesulfurization proceéses. In selective hydrodesulfurization, catalyst, type,
amount, and process conditions are selected to reduce feed sulfur levels while
preserving as much as possible the feed olefin content, and, hence, the feed
octane number. It has now been found, for example, that when selectively
hydrodesulfurizing a sulfur and olefin-containing naphtha, about 4 vppm COx )
produced a 10% loss, 6 vppm resulted in a 15% loss, while 70 vppm produced a
50% activity loss. Therefore, the COx must be regulated at extremely low levels
to preserve or restore activity while selectively hydrodesulfurizing naphtha.

This approach 1s to be distingnished from the conventional practice of regulating
catalyst type, catalyst amount, and the severity of the selective
hydrodesulfurization conditions. The conventional approach leads to a trade-off
between desulfurization and olefin preservation (octane number retention) that is

avoided by the new process of the invention.
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H2 in the das react in the presence-of a catal yst, such as nickel’ on
al um napuigngtiestecsycléddasad fHedkel Tiresvaisthodparesdll kioweali i on, the treat

gas and water vapor are passed into a reactor containing a shift catalyst,
at readoithanagiondthe 6fkx and Hein the gasreastdn dm presence ofag catalysbasschwi t h t he
wat er vapor o form and, H2.  The in the gas exiting the shift

react or 2 glC#ﬁLﬂn,ag}my;@d OBW%quai"&&ggcﬁ“é’swﬁ .g@sélyhpgﬁ?qa% e shift
reactio I?ﬁt ' I tﬂ'lﬁl? | | a support
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conpr i sgeaatibh Woalltichsadffetisertbetie COARthé Bh b 2ABERIth (A Watdraghpol a cyclic
manner. Adsorbents include nol ecular sieves, silica gel and acCtivated

car bon. torfemdCCheandnde  Fhe EBHnAES gas éxifing the shift heactdriie edaemoved i s
primarily adsorbed by the adsorbent during.the adsorption part of the cycle
i s desoPBaBY ReAns; e %m&@hm&ﬁ%g&ér%&qb@ﬁ gg{alyst GOIIISGF @ swi ng
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vessel hés&ﬁﬁ&gdégrg?%ﬁlﬁrbé%e@wmﬁﬁécﬁﬂpﬂébagﬁﬁﬁ% shsopbdnt yet at |east

one ot her vessel ng repressurized or” cool ed do I n menbrane separation,
containing vessels operated in a cyclic manner. Adsorbents include molecular

sicves, silica gel and activated carbon. The difference between PSA and TSA, is

that the COx which is primarily adsorbed by the adsorbent during the adsorption
part of the cycle is desorbed from the adsorbent during regeneration'by a
pressure swing cycle in PSA, as opposed to a thermal swing cycle in TSA. A
typical PSA or TSA unit has at least one vessel on adsorption, while at least one
other vessel is being depressurized or heated up, and purged, with yet at least

) one other vessel being repressurized or cooled down. In membrane separation,
bundles of hollow fibers are present in the vessel. The gas is passed into the
vessel in which it flows over the outside of the fibers and out of the vessel. A
hydrogen rich and COx-reduced gas forms inside each fiber and is removed as a
separate, permeate stream. In a typical installation a plurality of such vessels are
connected in series, with the permeate from each vessel being the feed into the
next successive vessel. A combination of PSA or TSA adsorption-desorption
and membrane separation may be used, with the gas first passed through a
membrane unit and then through a PSA or TSA unit, to further reduce the COx
content. Increasing the recycle gas purge increases the amount of make-up

hydrogen and is impractical at relatively high (e.g., > 40 vppm) COx levels.



bundl es of hollow fibers are present in the vessel. The gas is gﬁiﬁﬁp
the vessel in which it flows over the outside of the fibers an 3 the
vessel . AVOR}OBYén rich and COX-reduced gas forms inside BEENSPIHEN and is
renoved as a separate, pernmeate stredfn In a typical installation a
plurality of such vessels are connected in series, with the perneate from
each vessel being the feed into the next successive vessel . A conbination
of PSA or TSA adsorption-desorption and nenbrane separati on may be used,
with the gas first passed through a nenbrane unit and then through a PSA or
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hydr odeslefiings iEoatexample, strapghiyrad naphtim, namﬂ]yﬁtzallf}eca'dckad tephdles wnidur i zed

contains sul fur but_may or may not contaj ol efins. For _exanple,
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for exapgilia ranga: sbniaimhgdh@mistdﬁ sulfigt &i@hdxalmﬁliﬁsfmchﬁem arrmeked napht ha

such as a fluid cat cracked (FCC) naphtha, steam cracked naphtha, coker
napht haof, fosexample; arthﬁﬂlatanaphﬂambraskad Inaphtlm;)atclatacmkied nqnhthae and may be

SSLLXE%M@@W?' FSERGKa 0Pk achs, S SapMeA SR anBoREr Ul | 1 ange. wi de-
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typi cal detivedoftba t%leuﬁi, ctk@br LEAS shalefdil) betuled, @f@hEﬂ ;gsu th sul fur
| evel s as high as 0 wppm and even higher (e.qg., 7,000 to 15, 000 wppm).
The napdyuinhesﬁmﬂhydrocarbons and the like. The naphtha may be a full range wide-

cut, light, intermediate cut, a heavy cut, a light cut and blends and fractions

thereof, with end boiling points typically below 450°F, and which typically

contain 60 vol.% or less olefinic hydrocarbons, with sulfur levels as high as

3000 wppm and even higher (e.g., 7,000 to 15,000 wppm). The naphtha feed,

- preferably a cracked naphtha feedstock, generally contains not only paraffins,

naphthenes and aromatics, but also olefinic unsaturates, such as olefins, and

aromatic and cyclic hydrocarbons with olefinic side chains. The olefin content )
of a typical cracked naphtha feed can broadly range from 5-60 vol.%, but more

typically from 10-40 vol.%. The sulfur content of a naphtha typically less than

1.5 wt.%, typically ranging from as low as 0.005 wt.%, up to as much as about

0.7 wt.%, based on the total feed composition. -

[0022] When non-selective hydrodesulfurization is employed, regulating the
level of COy in the reaction in the range of about 0 vppm to about 100 vppm
results in the restoration or preservation of hydrodesulfurization activity without
resorting to undesirable adjustments based on catalyst type, catalyst amount, and

the relative severity of the process conditions. Non-selective



preferably a cracked naphtha feedstock, generally contains not onl

paraffins, naphthenes and aromatics, but al so ol efinic unsat ura&%ﬁ,ﬂv J06h as
ol efins, av@o3/anomati c and cyclic hydrocarbons with ol ef i necTaiseRisodmi ns.

The olefin content of a typical cracked naphtha feed can broadly range from
5-60 vol . % but nore typically from 10-40 vol.% The sulfur content of a
naphtha typically less than 1.5 w.% typically ranging fromas | ow as
0.005 w.% up to as_nuch as about 0,7 w.% based on the total feed
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11 hydrodesul furization conditions broadly incl ud%Fterrperatures and

pr essur asentionfhroadlytnonds a3emperatuiOoLatond 396F 750 Faa ppessure/ed aduty of about
0.1-10 LHSV and a_fre gas rate qf aboyt,k 100-10, 00 CF/ B. When sel ective
hydrode§g‘r]f,g9(? Pas éﬂlql%géﬁwaiﬁﬁﬁél‘?e YélecitpR ﬁb?’éﬁ%l‘d@cleﬁﬁi%n & the practice

or esur BGRB8 A el SRIRRE BF My JooBHRN00 SR3TE ) ot *about

0.1-10 pHSMrredRenditiontdhAU8E aBbut WTI-996PF bR 7BLat0 ﬁsﬁgaébo&@w ate of about
470- 750F, about 75-600

100- 10, 000 SCFB.” Preferred conditions include about
psi g, ab#iSV land abdub\300ah 000 ISEN/B3 B n0 pBeleidd afit aboutd0e650%H, erred are
about 470-650F, about 100-500_ psig, and about 500-3, 000 SCFB. [0023]

Cat al yséaboutsidi{)-500 paigs and about HP-3AM$EFAhd whi ch are useful in the
practice of the invention typically conprise a support conponent and at

| east one catalytic netal conponent of one or nore netals of G oup VIB,

G oup th(gzgggd\ﬁ:mwﬁseﬂ%f gelulfidiAng YA AhdPWHick taYE GséfifliPfe Wi le one

or nore
practice of the invention typically comprise a support component and at least one

catalytic metal component of one or more metals of Group VIB, Group VIII and
mixture thereof, and typically a mixture thereof. While one or more Group VIII
noble metals may be employed, non-noble metals are more generally used for
naphtha desulfurization. The catalyst may also include a component of one or
more metals of Group IA, IIA and IB. The Groups referred to herein are those
found in the Periodic Table of the Elements, copyrighted in 1968 by the Sargent-
) Welch Scientific Company. Such catalysts exhibit both hydrodesulfurization and
| hydrogenation activity. While hyd:ogenatibﬁ activity is not desirable for
hydrodesulfurizing an olefin-containing naphtha for mogas, due to olefin
saturation and concomitant loss of octane, at least some hydrogenation activity is
almost always inherent in a desulfurizing catalyst. The Group VIII catalytic
metal component will comprise a non-noble or noble metal component and more
typically a non-noble metal component. The Group VIII non-noble metal will
be at least one of Co, Ni and Fe and more typically Co and/or Ni. A noble
metal, if present, will be Pt, Pd or a mixture of Pt and Pd. The Group VIB metal
will typically be one or more of Mo and W, more typically Mo. The total
amount of Group VIII and/or Group VI metal, based on the weight of the metal
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those found in the Periodic Table of 12he El ements, copyrighted in 1968 by
the Sargent- Welch Scientific Conpany. Such catalysts exhibit both
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catalyst will be sulfided prior to the treatment of the invention and to its use for
sulfur removal.

[0024]  When selective hydrodesulfurization is employed, a low metal loaded
hydrodesulfurization catalyst comprising CoO and MoOs on a support and
having a Co/Mo atomic ratio of from 0.1 to 1.0 is particularly preferred. By low
metal loaded is meant that the catalyst will contain not more than 12, preferably
not more than 10 and more preferably not more than 8 wt.% catalytic metal )
components calculated as their oxides, based on the total catalyst weight. Such
catalysts include: (a) a MoOj3 concentration of about 1 to 10 wt.%, preferably 2
to 8 wt.%, and more preferably 4 to 6 wt.% of the total catalyst; (b) a CoO
concentration of 0.1 to 5 wt.%, preferably 0.5 to 4 wt.%, and more preferably 1
to 3 wt.% bésed on the total catalyst weight. The catalyst will also have (i) a
Co/Mo atomic ratio of 0.1 to 1.0, preferably 0.20 to 0.80 and more preferably
0.25 to 0.72; (i) a median pore diameter of 60 to 200 A, preferably from 75 to
175 A, and more preferably 80 to 150 A; (iii) 2 MoO surface concentration of
0.5x 10 to 3 x 10* g. MoOy/m?, preferably 0.75 x 10 t0 2.4 x 10”, and more

preferably 1x 10¥ to 2 x 10, and (iv) an average particle size diameter of Jess



or it my be sulfided in-situ, using conventional sulfiding procedures. The
" catalyst will be sulfided prior to the treatnent of the invenfildiVaifith to its
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particularly preferred. By low netal |oaded is neant that the catalyst will
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loaded Co and Mo containing catalyst used in the example and comparative

examples below, met at least the broad ranges of all the catalyst parameters for

the low metal loaded catalyst set forth in this paragraph. For catalysts with a

high degree of metal sulfide edge plane area, magnesia can also be used. The

catalyst support material will preferably contain less than 1 wt.% of

contaminants such as Fe, sulfates, silica and various metal oxides which can be

present during preparation of the catalyst. It is preferred that the catalyst be free

) of such contaminants. In one embodiment, the catalyst may also contain from

up to about 5 wt.%, preferably 0.5 1o 4 wt.%, and more preferably 1 to 3 wt.% of

an additive in the support, which additive is selected from the group consisting

of phosphorous and metals or metal oxides of metals of Group IA (alkali

metals).

[0025)  The one or more catalytic metals can be deposited incorporated upon
the support by any suitable conventional means, such as by impregnation
employing heat-decomposable salts of the Group VIB and VIII metals or other
methods known to those skilled in the art, such as ion-exchange, with

impregnation methods being preferred. Suitable aqueous impregnation solutions



traverse the catal yst bed. The netal sulfide edge plane area of the
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2000 prol  oxygen/ gram MoG3. Alumi na 6 a preferred support. The supported,
|l ow netal | oaded Co and Mb containing catal yst used in the exanple and
conparative exanples below, net at |east the broad ranges of all the
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is generally

preferably at least 75 vol.%. Recycle treat gas comprises the hydrogen rich

gaseous reactor effluent separated from the desulfurized naphtha. Fresh
hydrogen means hydrogen or a treat gas containing hydrogen, used to provide
make-up hydrogen to the reactor.

[0027] The invention will be further understood with reference to Figures 1-4,
of which Figures 1, 3 and 4 are simple block flow diagrams of three different
embodiments of the process of the invention. Figure 2 is a block flow diagram )
of a prior art hydrodésﬂﬁnization process, which does not include CO;I; removal.
The practice of the invention however, is not intended to be limited to only these
three illustrative embodiments or examples, nor is it intended to be limited to
only single stage and fixed catalyst bed processes. It is also applicable to multi-
stage processes, processes which include distillation (e.g., U.S. patent
6,303,020), moving bed processes, fluidized bed processes, once-through
hydrogen treat gas processes in which there is no recycle of the hydrogen treat
gas, etc. Figure 1 is a simple block flow diagram of one embodiment of the
process of the invention. In Figure 1, a single stage hydrodesulfurization

process is seen as including a hydrodesulfurization reactor 10, a separation unit



achieved in air at tenperatures of from about 500-1200F, wth ten’eeratures
from 800- 1100F typical. [0026] By treat gas is neant all hydrbgeVdlba

m xt ure ofyohysdemgen and inert species which do not affectpdingsobfieas nent or
sul fur renoval processes, but serve perely as a diluent for the hydrogen,
such as nitrogen, nethane, ethane and the |ike. The anount of hydrogen in
the gas wll typically be at |east 60 vol.% and preferably at |east 75

vol . % Recycle treat gas caonprises the hydrqogen rich gaseous_ reactor
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t he reactor. rogen
of CO. As a consequence, the CO content of the combined fresh and recycle

hydrogen treat gas streams entering reactor 12 via line 22 is less than 5 vppm. In
this embodiment the reactor is operated under conditions for maximum
hydrodesulfurization selectivity, to maximize sulfur removal with minimal
hydrogenation of olefins. In the reactor, all the naphtha is vapor and the
hydrogen reacts with the sulfur compounds to remove the sulfur as H,S. This
produces a vapor effluent comprising an olefin-containing, suifur-reduced

) naphtha, H,S, unreacted hydrogen and any treat gas diluents. That in this
embodiment the naphtha'is all vapor in the reactor, means that the CO level is
less, on a combined vapor basis, than what is in the treat gas entering the reactor
via line 24. The desulfurized naphtha contains less than about half the amount of
sulfur that would have remained with 70 vppm CO in the treat gas and less than
a third of what it would have been if the treat gas contained 100 vppm CO, with
no significant reduction in olefin content. The reactor effluent passes to
separation unit 12 via line 26. In 26 the vapor is cooled to condense the naphtha,
which is then separated from the remaining gas. The naphtha is stripped to
remove dissolved gasses, including H,S and COy, and then sent to storage via

line 28. The gas separated from the naphtha is scrubbed with amine to remove



treat gas, which serves as make-up hydrogen and which contains from about
10- 20 vppm COx is passed into COx renoval unit 14. For this id0H8YZ&kion it
is assumaa ddmatiial | the COx is CO Thus, the make-up hydr BOPRSEAR7@E0Nt ai NS
10 20 vppm CO. Unit 14 is a sinple netthanater reactor, which reduces the CO
content in the gas down to a level of less than 1 vppm by converting it to
nmet hane and wat er vapor. The nmake-up treat gas, now containing less than 1
vppm CO, i s passed into the hydrodesul furizatjon reactor 12 via lines 20 and
24. At Hofe Watintheremainingdidrogenoeb gan reqysied baek mie ha reaetopMa| so passes

into the t 2 V] L 24. Thi | e.hyd t t t ai

| ese ¢ nineR 235 247 s ReBBafhtnte f AnEE S B AR ASE P8 conbi ned
fresh t ' ia li
25°7e | B8k BAtEn Feed MOCORA ok 5 0l O, 1645 RAOR 1EMLSH Bt BRGMeAT ' U er
condi ti @as ma3r berpeq bbydlise 4k Hydtodesafingratiorl Raktion tan bé uiraxi m ze sul fur

renmoval w th m ni nal ydrogenation of olefins. In the reactor, all the
napht hamoresepere econdlitioms farysitfoneemoeac without bondern foit therolefimpounds to
renove the sulfyr as HZS. This produces a vapor, effluent conprising an
ol ef i n- byAregemphgn that gaenrs algieyere congsensa Nepasthalesseaverbat $8y8feogen and any

treat gas _diluents, That in~this dient the.naphtha i all vapor in the
react or co 5t Wipc%&&@?éfgptepg@ﬁ&g?aq&?s ( Fﬁé‘as r basis, than
what i s rifodAISrbitile gﬁd‘é@gﬂ?&%ﬁd %:ﬁgﬁt rmctic‘!é gtf‘{ﬂeriﬁv%fn;onT igatdesul T i ui zed

napht ha contains | ess unt sul tur that woul d have

r emai neche\COY, 1€ Qeniopsed Gom the freshi oeaiakgam @eal gagss than a third of what it
woul d have been if the treat gas contained 100 vppm CO, with no signifi Ca‘ﬁlt
reduction in olefin content. The reactor effluent passes to separation untt

12 via Lj 26..1n.26 the vapor i s cooqled to condense the.naphtha, which is
t hen sekm]ed ThEHg ROW : %g g hgic Wqﬁhﬁﬁﬁ‘ifﬁs‘gﬂﬂﬁgg& to renove

di ssol v i - 11Ghi . S e via |line
28. Thesgba%gégsgaregt%ﬁ#ﬁg?ng? Eé‘sr?gp %Ig@g}‘%ggge%’ %%{B# g%sﬂr}g renmove 2 0

NOV' 200§ A34nkf) 2Thds, AGE(113D 3hdwd @ 3ingle stage hydrodesulfurization process ‘

as comprising a hydrodesulfirization reactor 10 and a separation unit 12,
Reactor 12 contains at least one fixed bed of hydrodesulfurization catalyst (not

shown). The same naphtha feed containing both organic sulfur compounds and

olefins used in the Figure 1 process is passed into the reactor for this prior art

process. As is the case for the Figure 1 process of the invention, in this prior art

process it is desired to maximize sulfur removal while preserving olefins. Fresh
hydrogen treat gas, which serves as make-up hydrogen and which contains from ]
about 10-20 vppm CO, is passed into the hydrodesulfurization reactor 12 via |
lines 18 and 24. At the same time, recycle hydrogen treat gas from line 22 also

passes into the reactor 12 via line 24. This recycle hydrogen treat gas contains

from about 50-200 vppm of CO. As a consequence, the CO content of the

combined fresh and recycle hydrogen treat gas streams entering reactor 12 via

line 22 is about 40-180 vppm. Those skilled in the art will know that although

the fresh or make-up hydrogen contains only 10-20 vppm CO, the recycle

operation of the reactor resuits in CO build-up which, without CO or COx

removal, at process equilibrium will be about 50-200 vppm in the recycle gas.

As a consequence, under the same reaction conditions used in the Figure 1



16 H2S, with the remai ning hydrogen-rich gas recycled back into the reactor
via lines 22 and 24. In this enbodinent, if ol efin saturation? 030800
concern owg ¢3/106431¢ naphtha feed does not contain ol efins, pESEsERsenoval
fromthe make-up gas may be requiredy7 because the hydrodesul furization
reaction can be run at nore severe conditions for sulfur renoval, w thout
concern for the olefin hydrogenation that occurs at severe conditions.
Nevert hel ess, even at severe_ conditions, reducing the COx content of the

treat g@E0cess. the suMussentet ofithe desybfunred nephthan i RapRormithout the preferred in
t he practice of the.inventiaon hat e i s renoved frgmithe fresh or
ke up Qe Ehngual Witk B8 Bfors i i gt direr Snscas Srent yp thaliiohiiid ar ¢

hydr ode riZat i éﬁﬁﬁ . S g ke ar: at of Figure 1 in al
respect?ﬁhgggé% Xﬁgﬁu?ﬁ%qgf) r%ﬁ%@%ﬂngﬂ? : gé?&gFﬁﬁﬁe 2 shows a single
stage hydrodesul furization process as conprising a hydrodesulf Irization
reactor 10 and a separation unit 12. Reactor 12 contains at |east one fixed
bed of [[§ORYdeskigimes 3 and drreprdsantyadditiomdl embtoaimentsTdfehe ameentiapht ha f eed

cont ai ni.ng both organj c_sul fur conmpounds and _olefins_used in the Figure 1
pr ocess 4sds paessass forithe Fraure dquoessss bigures 3 and scaembO§Yéwé%stag@ is. the
Li.0

v " obuldbSes Y EenPoR G Ro ool Ul S MeRR i Cal bR Baifloe . Bl esh
ot 1 A R B e R e Tty S B 12 Vi

l'ines 18otébrapriséa siide sage Hydralestulfadgdtioredeadl, hisepirages vhitom | i ne 22

al s passes into the reactor 12 via line 24. This recycle hydrogen treat

gas.’contldj apaphthafeedbine 160a fosh vp prakstupdly diegen treah gasjine d 8, recyiedeCO cont ent
of the  conbi ned esh and.recycl.e drogen jreat gas,strea enterin

react or T§3t %459-“1‘? ééreﬁtﬁ-z?ﬁlglﬁ'%ét %Béwemw&égséholqgﬁlﬁﬁ t he ar'? will
know t h . h - | 10-20 vppm
Gt o teBisad 1 efetch e Boul e Taull-hY ShARER RO BB otn B 111 20, PP

W t hout tHebheh itEPrenicRRI0OY fréth otiPAfshakdiup!Hydtbgih Md theecydleut 50- 200 vppm

in the recycl e gas.
hydrogen. This permits the use of fresh hydrogen that contains substantially

more than 10-20 vppm and also insures that the treat gas fed into the
hydrodesulfurization reactor 10 contains little, if any, COy, for deep selective
naphtha desulfurization with minimal olefin loss. The embodiment of Figure 4
is similar to that of Figure 3, except that instead of a methanater reactor for COx
removal, a sequential combination of a water gas shift reactor 30 and an amine

) scrubber are used. In this embodiment, in the water gas shift reactor the CO is
converted to CO, which is then renioved.from the treat gas in the amine scrubber
34.

[0030] The invention will be further understood with reference to the

illustrative examples below.
EXAMPLES

[0031] Inthe examples below, the naphtha feeds were intermediate (ICN) and
heavy (HCN) FCC cat naphthas, which contained sulfur compounds and olefins.



As a consequence, under the sane reaction conditions used in thﬁ gzﬁ[{e 12
0 NOV 2006 WD 03/102114 PCT/ US03/ 14703 17 process, the sul furl Wy

t he desul Waroszmeghimaphtha in line 26 without the CO renovRCTWB0I/1406 noOr e
than twice and three tines as great th&an that achieved wth the COx
renmoval , according to the practice of the invention. [0029] Figures 3 and 4
represent additional enbodi nents of the invention. Is the case for the

gie?g(::]tei v pé%%&%%r.s@ﬁﬁﬁaﬁd%ﬁaﬁ”@%% S op T Sta%rau%f%ﬁiéﬁfhé‘”A h
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a naphi AZCQ €5%n lanl% écﬁnm%rcflﬁleéﬂll\% c'i?ilfst%nﬂﬁﬂﬁl 980 v BAtoQamd | ne 18,

recycle treat gas line 22, etc. In Figure 3 removal unit 14 is

al so a si5m0hvet. % eIdy e ﬂumjﬁa@a&,usedcqﬂab lbhf&he@ﬂd&dbﬂ&ﬂﬁ?ﬁ-lﬂh&ﬂﬂ recycle
hydr ogen pass through it to remove COx from both the nmake-up hydrogen and

t he recytolbe highty sejeetiverfirgemening sulfirdfromeamelefinend m}ﬁu@gmm cont ai ns
Tt ot neaphR oHRYE RIS 2t Jad G oA SEDTR (RS (SO any . Cox. Tor
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wat er gas shift reactor 30 and anam ne scrubber are used. In this
enbodi namphtha) fbheppmmnatﬂgs 14ﬂn|0i.1rs atet&mhmldnﬂgate@@araturcs;@@ﬁPFed to C2 which
is then renpved fromthe tre &35(( n the am ne scrubber 34. [0030] The

i nvent i dgasliqudmixed phase) @néérs all wapar pbasep.cansbwith a seactar| | ystrati ve
D OB e of TP Yol Thh oackdr Wi R SRS I06F, Bfor 2P N Feeds

introduction of the naphtha feed to be desulfurized. In the results and in Figures
5-7, the CO concentration is that in the combined hydrogen and naphtha vapor

feed entering the reactor. In both of the examplies, the naphtha passed into the

reactor was in the vapor state.

Example 1

[0032]  The purpose of this experiment was to determine the effect that CO in
the treat gas had on both the HDS and HDBr activity of the naphtha )
hydrodesulﬁmzatlon catalyst. By HDBr is meant olefin saturation
(hydrogenation) activity, as measured by bromine number. The low metal
loaded Co/Mo on alumina catalyst containing 4.5 wt.% MoO; and 1.2 wt.% CoQO
in 1.3 mm ASQ form was used. The feed was an intermediate cat naphtha (ICN)
having 1941 wppm total sulfur and a bromine number of 38. Test conditions
included a temperature of 525°F, a total inlet pressure of 290 psig and a treat gas
rate of 2000 SCEF/B. The treat gas was 75 vol.% hydrogen, with the balance
methane. The reactor was run with the ICN having 20 vppm CO in the treat gas,
no CO in the treat gas and with 200 ppm CO in the treat gas. The results are
shown in Figures 5 and 6.



heavy (HCN) FCC cat napht has, which contained sul fur comoundszig&vo{n fins.
2 0 NOvV 2006 WD 03/102114 PCT/ US03/ 14703 18 The HCN was used start-up
and finakhy@eilosidyy check. A low netal |oaded Co/M on al poTmsoxRre yst
containing 4.5 wt.% M3 and 1.2 w.%CoOin 1.3 mmASQ formand a
commercial Co/ M catal yst containing 4.0 wt. % CoO and 15.0 wt. % MbO3 on

al um na were used. The |low netal |oaded catalyst is knowmm to be highly
selective for renoving sulfur froman olefin and sul fur-containing naphtha.
Each catal yst was | oaded into a separate, fixed bed, isothermal downfl ow,

Bt fvat i (BRbS dihiolb ERSy S, BkeR5iok 34 EehSuipd yilh 30 SpSFCOEpEG 1 7"

napht ha, ' | t ePmen , 400F
(gas/li qEF%r%?E%R %ﬂhﬁgﬁ%rﬁé gggaﬁgﬁogg\goﬁ'@ﬁ%ﬁig%s; and e\%ﬂ%% react or

pr essur estlfwid @0 Fizairg 5. Thiee effecttofithyae \ﬁi&ﬁﬂhﬁﬂ%&@@ﬂ)tﬁﬁe HD8eindr e t he
‘introduction of the naphtha feed to be desulfurized. In the results and in

Fi gur es BDBr acvigeiibscetalysitis tnmediataly apparettie Thermresaagenfdhogéh and
napht ha vapo

napht ha et R e siEmechnthongeged fie DS aiditys Howe v, Mipnai E8832]h
(reat ongChuds shiblod BRA HERariEs, dilE Y 0 fEreapE i DS dbvit© 11 1
hydr odesyf fhe'datlstonas ebdirvéd. . TRY préBhcé 6f fRADD ided mch amalRf effect

(hydrogenation) activity, as neasured by brom ne nunber. The | ow netal

| oaded Gui tite HDBi aotivity. cat al yst containing 4.5 wt. % MO8 and 1.2 wt. % CoO
in 1.3 mm ASQ form was used. The feed was an internmedi ate cat naphtha (ICN)
havi)ng 1941 wppm total sulfur and a brom ne number of 38. Test conditions

i ncl uded. a.t.enperature of, 525 a total inlet pressur f,_ 290.psig and a
troat gAB038E o e shshd chficthe Fatid S in SRR S daviy atBBen, "W th ¢ he
bal ance 200 vppm of CO was added to the treat gas. This resulted in about a 45% loss of

HDS activity, as shown in Figure 6. As was the case for the first run, the CO

had little effect on the HDBr (i.e., olefin saturation) activity. After the 200 vppm

of CO was removed from the gas, substantially full restoration of the HDS

activity of the catalyst was observed. This restoration is shown for days 32-39 in
Figure 6.

Example 2

| [0035] In this experiment, the ICN was a 140°F+ cut which contained 1556
wppm sulfur and had a Bromine Number of 69. Both the low metal loaded
Co/Mo on alumina catalyst containing 4.5 wt.% MoOj and 1.2 wt.% CoO in 1.3
mm ASQ form and the commercial Co/Mo catalyst contamning 4.0 wt.% CoQO
and 15.0 wt.% MoQOj; on alumina were used. These catalysts were loaded into
two separate reactors that were run simultaneously on the same feed and treat
gas source. The reaction conditions included a temperature of 525°F, a pressure
of 230 psig, a treat gas ratio of pure (except for the CO content) hydrogen at
2000 SCF/B, a naphtha LHSV feed rate of 7 for the higher Co/Mo loaded
catalyst and 4 for the lower Co/Mo loaded catalyst. These feed rates were set to



met hane. The reactor was run with the ICN having 20 vppm CO in Eﬁ ﬁ_r@ilt
gas, no COin the treat gas and with 200 ppm CO in the treat gZEi NO r?
results awveosgbmwn in Figures 5 and 6. Z 0 NOV 200b WO O3FC0RIBA+703

PCT/ U503/ 14703 19 [0033] For the firstoerun, the reactor had been running
with 20 vppm CO in the treat gas. After 42 days, the CO was renoved from
the gas. The results are shown in Fi gure 5. The effect of the 20 vppmtreat

2§§a?§’n? EhHE SHE Icedeniinirizien Wit e 002G R iseCats THCGRETY | over ed
HDS

;bgut a c%‘ghb/o\qér)l%:{)rneéz}ggec?én Yﬁ%%@ég@@g}ﬁ%@”ﬁé@?ﬁé ysbg\%\/géﬁlo tse?\;;/id The
pr esencexleriehSe dOWithasbth catilyists Wart aboef ﬂleCshmeo nrﬁé&efdf@%eit%rw ty. [0034]

In the second run, the reactor was run on-stream for 29 days, when 200 vppm

of CO wambided to qnmdm:ettheaiutagpmntsﬁhm astietiduren gtapht Buebiig toss of HDS
activity, as shown in Figure 6. was the case ,fqr_the first the CO

had | it tiigues 7cthe effect pE vemEiow CQcon@n&anﬁn%thp&ﬂpS@nmudfzbitﬁor After the
200 vppm, of CO r.e d from t.he antlall ul | toratlon of
the HDBS k&ﬁ‘f&. ﬁ%ﬂ#}%@ e KhimPUBHY Shp&ent Figite 7aROPS s hon
f d he I CN
was a 14D CToR ShAIOH GO oot AL B £ “ﬁ%ﬁi%ﬁtbﬁﬁbﬁin‘%nﬁ%ﬂﬁéﬁtﬂ?%?n% Nurber
of 69. B@fd%éah%ahomm ﬁdubﬁ@ﬂ%!ca@#%cﬁﬁtﬁimpmeﬁ@é@bﬁmbaﬂmml ng 4.5
.% MO8 and 1.2 w.% CoO in 1.3 mm ASQ form and the conmmercial Co/ Mo
cat al ystC@orHawnwrgatM@'ppm @Qﬂﬁa@mty]diebﬁl wtondy 10%Banhat? wppmeaitwer e used.
These cat @ §f39u re | oaded into two separate reactors that were run )

sinmulta ’¢he sane feed and treat gas source. The reaction
conditions included a tenperature of 525F, a pressure

[0036] The Table below shows the CO concentration in the vapor (treat gas
plus naphtha) at three CO levels, along with the desulfurized product naphtha
sulfur level and bromine number at each level. The desulfurized naphtha
product sulfur level and bromine number at each level was averaged from both
catalysts. Referring to the Table, the effect of very low concentrations of CO on
product sulfur for selective naphtha desulfurization is immediately apparent. As
the CO concentration in the treat gas is lowered, the effect on product sulfur
level is substantial. For example, at approximately 67 vppm CO in the treat gas,
the sulfur i in the product naphtha was 286 wppm, whereas at a CO concentratlon i
of 6.6 vppm the desulfurized naphtha product had only 105 wppm. This
represents an almost threefold reduction in product sulfur. The effect on olefin
content (as measured by bromine number) in the product was small. Over the
6.6-67.1 vppm CO concentration there was very little change in product bromine
number. The net effect on overall catalyst selectivity (desulfurization as a
function of olefin saturation) 1s that as the CO level in the treat gas was reduced,

selectivity increased significantly.



of 230 psig, a treat gas ratio of pure (except for the CO content) hydrogen
at 2000 SCF/ B, a naphtha LHSV feed rate of 7 for the higher Cg/OMbV ﬁﬁﬁjed
cat al yst asvologhdery the | ower Co/ Mo | oaded catal yst. These pepdsdaliess were
set to 2 0 NOV 2006 WO 03/102114 PCTRUS03/14703 20 achi eve about 95%
desul furization with the 100% hydrogen treat gas. The effect of the CO on
each catal yst was essentially the sane. The deactivation results

experienced with e efore, they were
kelesd 08 Loy fiQ Levelsonilpesubiarizedur e

conbined to produce t graph. Turning to
Figure 7, the efflect of,ve I CcO centrati op on they HDS activity debit,
for selective naphtha h%ﬂﬁ%’&e@ﬁf%ﬂq%gg{qw,e ‘émBFrtrredi atply apparent. Figure
7 shows that, ev O ] T TONC 170 15 pmin the conbi ned
anlset r ea?aggfg, ghg e§3§‘t [ 4 $0
S

napht ha vapor 9% r on I'n clatalyst activity is
experienced conpafr g'nq MPfur CO. Howeverggat| 41yppm Ggg he activity debit is
only 10% and at 2 _vppmit is__only aHout 5% [0036] The jrabl e bel ow shows

t he CO concentr at )i BrothinetNambegpor (triedt.gas shbus dapht ha) at three CO

| evel s, along with the desulfurized product! naphtha sulfur |evel and

brom ne nunber at each |evel. The desul furized naphtha product sulfur |evel
and brom ne nunber at each |evel was averaged from both catalysts.
Referring to the Table, the effect of very |ow concentrations of CO on
product sul fur for selective naphtha desul furization is i mediately
apparent. As the CO concentration in the treat gas is |lowered, the effect
on product sulfur level is substantial. For exanple, at approximately 67
vppm CO in the treat gas, the sulfur in the product naphtha was 286 wppm
wherkas at a CO concentration of 6.6 vppm t he desul furized napht ha product
had only 105 wppm This represents an al nost threefold reduction in product
sul fur. The effect on olefin content (as neasured by brom ne nunber) in the
product was small. Over the 6.6-67.1 vppm CO concentration there was very
little change in product brom ne




nunber. The net effect on overall catalyst selectivity (desul furization as a
function of olefin saturation) is that as the COlevel in the trg%tm S
reduced, selectivity increased significantly. 2 0 NOV 2006 WO 03/°1021 gf
PCT/ US03/ 14703 21 Effect of Low CO Levels on Desul furized Naphtha Sulfur
and Brom ne Nunmber CO in Vapor, vppm§7.1 31.6 6.6 Wopm Sul fur 286 196 105
Brom ne Nunber 51.9 53.6 50.5 3 2 0 2006 22 CLAIMS: |. A process for
sel ectively hydrodesul furizing a sul fur-containing naphtha conprising
reacting said naphtha with a hydrogen treat gas, in the presence of a

catal yti caLAymMskf ecti ve amount of a hydrodesul furization catalyst, in a
hydr odesul furi zati on reaction zone in which the anmount of COx present, on a
conbi ned gas and naphtha vapor basis, is maintained at | ess than about 100

vppm by 1 emovi Agedelds fof LRilEIGRPabI&AINGAR: PEIALRohARi{d BPRLL €at gas enters
said zone. 2. A process accordihg to clainil wherein C(i( I'S mai ntai ned at

| ess t hancaaipsiging3cacting pad inpphsiad with e hpdrogan teeahgas, B theprssancesfaaccording to

claim2 wherein,sai.d. catal yst . ul i ded. cata t and contains a
catal yti ccag% 'CSH%ﬁtfe%'fve 31“{% tr“&?"@@?ﬁ“‘”?”@%ﬁﬂ "%}rﬁl%ﬁéfl % and a Goup VI
non- nobl ehyeddebul fidizakordie @G RASoRE ROV LHNGe aMmothtad DOy po&IEIoN aSdhibide®X | S

mai ntai ned at a |level of less than about 15 vppmin said reaction zone. 5.
A processEEEGPANG Y3goihasisnis Makaingd # lessitlpncorut W0nepmiby e@gving G ange of

from fresh treat gas before the fresh treat gas enters said zone.

2. A process according to claim | wherein COx is maintained at less than about 30

vppm in said reaction zone.

3. A process according to claim 2 wherein said catalyst is a sulfided catalyst and
contains a catalytic component of either or both a Group VIB metal and a Group VIII

non-noble metal.

4. A process according to claim | wherein said COyx is maintained at a level of less

than about 15 vppm in said reaction zone.

5. A process according to claim 1 wherein said COy is maintained in a range of

about 0 to about 5 vppm in said reaction zone.

6. A selective naphtha hydrodesulfurization process comprising hydrodesulfurizing
an olefm and sulfur-containing naphtha feed in a hydrodesulfurization reaction zone, in
which a hydrogen-containing treat gas reacts with the naphtha under catalytic selective
hydrodesulfurization conditions in the presence of a catalytically effective amount of a
sulfided, low metal loaded hydrodesulfurization catalyst, where the amount of COx
present in the reaction zone, on a combined gas and naphtha vapor basis, is maintained at

less than about 100 vppm.



about O to about 5 vppmin said reaction zone. 6. A selective naphtha

hydr odesul furi zati on process conprising hydrodesul furizing an otﬁggmzmﬂ

sul fur-cont ai ni ng naphtha feed in a hydrodesul furization reactio in
whi ch a hydrogen-containing treat gas reacts with the naphtha under

catal ytic selective hydrodesul furization conditions in the presence of a
catalytically effective anmount of a 4l fided, low netal | oaded

hydr odesul furi zati on catal yst, where the anobunt of COx present in the
reaction zone, on a conbi ned gas and naphtha vapor basis, is naintained at

| ess than7abouk pdQRssvaRBERing t8 cAY620Rfin %X datalfstRER ?ﬂ§e’% a%@?ﬁﬂrﬁj' ng to claimé
wherein said catalyst conprises a support conponent and at | east one

cat al yti ceaxenpperant ableay opetatlyid canndrent abe nbwalief eithger YotB Grawel VB Group VI | |

non- bl e« Sloup I ASLBInd oA RN e SRS GALA| AfAGuTRkal | components,

cal cul ate i oXxldes an based on welrght, is |ess
t han abocmmﬁﬁemfs ca%ﬂa&d aA thpiooads aa(tba);edibngtettmabt:aaalmtiva@mnelass gand COx

| evel in said |s mai ntai ned at |ess than about 30 vppm 9. A process
accor di ng® ogt 8 wherein said catal yst conprises catalytic conponents

of CoO and M3 and wherein the Co/Mo atomc ratio ranges from0.1 to 1.0.
10. A process according to claim9 wherein said desul furized naphtha has an
octane n¥nberAwrachisriceerdmgde claie 7 vdwirer sibEOsde gl egeith 2oae fransiadinedt o sai d

reaction r ss according to claim 10 wherein said COx is
naintaineéqggﬂg%%gwgﬁB‘&gﬁbss than about 15 vppmin said reaction zone. 12.

A process accordlng to claiml wherein all or a portion of said treat gas

cont ai ns nd wherein. said CIX ontent of said gas is [educed by
repl aci ng’ atl RERCCSs a5e0ting o cigim & xy f%?‘%*‘t‘ﬂyﬁCHS?BF'F@éHtaLYé‘ﬁt ai ning gas

that cont é"dn‘fb%nkr%%f@% and Mo A8 %‘%?e-‘?n e erMb 'élﬁbr&@ra@io%ﬁ’@e@ fohed el said COx
is maintained at | ess than about O vppmin said zone one or nore of (i)

renoving BBx fromfresh treat gas used as

10. A process according to claim 9 wherein said desulfurized naphtha has an octane

number within five octane numbers of said naphtha passed into said reaction zone.

I1. A process according to claim 10 wherein said COy is maintained at a level of less

than about 15 vppm in said reaction zone.

12. A process according to claim 11 wherein all or a portion of said treat gas contains
COy and wherein said COx content of said gas is reduced by replacing at least a portion

of said gas with a hydrogen-containing gas that contains less COx.

13. A process according to claim 6 wherein said COyx is maintained at less than about
30 vppm in said zone by one or more of (i) removing COx from fresh treat gas used as
make-up, (ii) removing COx from recycle treat gas, (iii) purging a portion of the recycle
treat gas and (iv) eliminating or reducing COx from gasses blanketing or contacting the

feed naphtha prior to the point at which treat gas is mixed with the naphtha.

14, A process according to claim 13 wherein said treat gas comprises recycle gas and

fresh hydrogen gas.



make-up, (i1) renmoving COx fromrecycle treat gas, (iii) purging a portion
of the recycle treat gas and (iv) elimnating or reducing COx f}0kdyadles
bl anketing or contacting the feed naphtha prior to the point at which treat
gas is mxed with the naphtha. 14. A process according to claim 13 wherein
said treat gas conprises recycle gas %ﬂd fresh hydrogen gas. 2 0 NOV 2006
24 15. A process according to claim l1l4"wherein said COx |level in said
reaction zone is nmaintained by removing COx fromsaid fresh treat gas
before it enters said zone. 16. A process according to claim 15 wherein said
COx is maiht ai Agebdts acdrdinglto ofairh @8 svhetehaganihOOytieval \pald resctisaizong igact i on
zone. 17. The prqcess of claim®6 fuyrther conprises separating fromthe
process amﬁﬁﬁwgﬁ yrﬁ@ﬁﬁﬂ&ﬁ¥”ﬁ%@“ﬁ@gﬁ?ﬁh“ﬁ?é@ﬂﬁ#mﬁQVFﬁﬁsﬁ“é@%@r sul f ur
content than the naphtha feed. 18. The process of claim 17 further conprises
separating H2S fromthe process. 19. A process for increasing either or both
t he amouni6.of Awprdogss dseprdipgrie roieds evhereresaih@Phihmaihsetdeapioetof les a
napht ha hydrodesul furi.zat.ion process, in which a sulfur- containing naphtha
and a hyd%%ngﬁMESQQFndggng%wgggggﬁ‘into a reaction zone in which said
napht ha and hydrogen react in the presence of a catalytically effective
anount of a naphtha hydrodesul furization catalyst, and wherein said treat
gas contail hs OB RrAcehOf daBumiursEEPmMEEs sspanatiag fromabe Rigesss poapiHbsent in

sai d reachiaftZQPRaftAead b v@lyme of naphtha
vapor in ggigxfgngadurinaggéﬁgﬁﬁ?%?gﬁgggﬁgﬁyﬁéﬁﬁﬁgﬁ?gn%ﬂ@“%ﬁ%?ein sai d

increase is achieved by reducing the amount of said COx in said zone to a
| evel of ss than about ,100 20. A process rding to claim19
wherei n sifd hyBalSEPkRR LY RRT Rt BT ARERE A BbEtas Fo
renoving sul fur froman ol efin and sul fur-containing naphtha while
preserving%said ol efins, wherein said catalyst conprises a sulfided and | ow
netal | oaffdd A&rereysior Hserasine pidhan o beth thearuphefssuifepbgingiemavedat thgas and

wherein t t -sal i 1Sy t I I
ot PEpHRAOE colfeiUrE nabels RYSAREIAIDaRE (rof S WhiBAMERE. 1 02 beto

|
of less t cing its anou in sald treat gas before
it enterscaddining eggithaoandzdn@rogen treat gas are passed into a reaction zone in which said

naphtha and hydrogen react in the presence of a catalytically effective amount of a
naphtha hydrodesulfurization catalyst, and wherein said treat gas contains COx in an
amount such that at least 100 vppm is present in said reaction zone based on the treat gas
volume and the volume of naphtha vapor in said zone during said hydrodesulfurization,
and wherein said increase is achieved by reducing the amount of said COx in said zone to

a level of less than about 100 vppm.

20. A process according to claim 19 wherein said hydrodesulfurization process is a
sclective process for removing sulfur from an olefin and sulfur-containing naphtha while
preserving said olefins, wherein said catalyst comprises a sulfided and low metal loaded
catalyst and wherein said COyx comes from said treat gas and wherein the amount of said
COx present in said zone is reduced to a level of less than about 30 vppm by reducing its

amount in said treat gas before it enters said reaction zone.





